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Abstract. In this paper, we examine observational constraints on the power law
cosmology; essentially dependent on two parameters H0 (Hubble constant) and q (de-
celeration parameter). We investigate the constraints on these parameters using the
latest 28 points of H(z) data and 580 points of Union2.1 compilation data and, compare
the results with the results of ΛCDM. We also forecast constraints using a simulated
data set for the future JDEM, supernovae survey. Our studies give better insight into
power law cosmology than the earlier done analysis by Kumar [arXiv:1109.6924] indi-
cating it tuning well with Union2.1 compilation data but not with H(z) data. However,
the constraints obtained on < H0 > and < q > i.e. H0 average and q average using
the simulated data set for the future JDEM, supernovae survey are found to be incon-
sistent with the values obtained from the H(z) and Union2.1 compilation data. We
also perform the statefinder analysis and find that the power-law cosmological models
approach the standard ΛCDM model as q → −1. Finally, we observe that although the
power law cosmology explains several prominent features of evolution of the Universe,
it fails in details.
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1 Introduction
The Standard Cosmological Model (SM) of Universe a la ΛCDM complemented by the
inflationary phase is remarkably a successful theory, although, the cosmological con-
stant problem still remains to be one of the major unsolved problems [1] of our times.
It is therefore reasonable to examine the alternative cosmological models to explain
the observed Universe. Power-law cosmology is one of the interesting alternatives to
deal with some usual problems (age, flatness and horizon problems etc.) associated
with the standard model. In such a model, the cosmological evolution is explained
by the geometrical scale factor a(t) ∝ tβ with β as a positive constant. The power
law evolution with β ≥ 1 has been discussed at length in a series of articles in dis-
tinct contexts [2–10]; phantom power-law cosmology is discussed in reference [14]. The
motivation for such a scenario comes from a number of considerations. For example,
power-law cosmology does not face the horizon problem [9], as well as the flatness
problem. Another remarkable feature of these models is that they easily accommodate
high redshift objects and hence reduce the age problem. These models also deal with
the fine tuning problem, in an attempt to dynamically solve the cosmological constant
problem [15–19].
A power law evolution of the cosmological scale factor with β ≈ 1 is an excel-
lent fit to a host of cosmological observations. Any model supporting such a coasting
presents itself as a falsifiable model as far as classical cosmological tests are concerned
as it exhibits distinguishable and verifiable features. Classical cosmological tests also
support such kind of evolution, such as the galaxy number counts as a function of red-
shift and the data on angular diameter distance as a function of redshift [20]. However,
these tests are not considered as reliable tests of a viable model since these are marred
by evolutionary effects (e.g. mergers). Now, SNe Ia (reliable standard candles), and
hubble test have become more reliable to that of a precision measurement.
Cosmological parameters prove to be the backbone of any of the cosmological
models, therefore it becomes important to obtain a concise range or more specifically,
the estimated values of such parameters using available observational data, so that the
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said model can explain the present evolution of Universe more precisely. In this series
of cosmological parameters we observe that Hubble constant (H0) and deceleration
parameter (q) are very important in describing the current nature of the Universe. H0
explains the current expansion rate of the Universe whereas q describes the nature of the
expansion rate. In last few years, various attempts have been done to evaluate the value
ofH0. Freedman et al. [21] evaluated a value of H0 = 72±8 km/s/Mpc. Suyu et al.[22]
evaluated H0 as 69.7
+4.9
−5.0 km/s/Mpc. WMAP7 evaluated the value of H0 = 71.0± 2.5
km/s/Mpc (with WMAP alone), and H0 = 70.4
+1.3
−1.4 km/s/Mpc (with Gaussian priors
) [23]. Numerous other evaluates of H0 are 73.8 ± 2.4 km/s/Mpc [24], 67.0 ± 3.2
km/s/Mpc [25]. Most recent PLANCK evaluate of the Hubble constant gives a value
of H0 = 67.3± 1.2 km/s/Mpc [26]. Along with the above mentioned evaluates of H0,
several other authors, [7], [9–13] obtained the constraints on cosmological parameters
including H0, q and β for open, closed and flat power law cosmology. Numerical results
for flat power-law cosmology have been described in Table 2.
In a recent paper, Kumar [12] has investigated observational constraints on the
power-law cosmological parameters using H(z) and SN Ia data and discussed various
features of power-law cosmology. In the present work, we are investigating the scenario
similar to an analysis done in reference [12] for flat power law cosmology. We compare
the results of the model under consideration with the results obtained from ΛCDM
and with that of Kumar [12]. We use the most recent observational datasets such
as 28 points of H(z) data [27] and Union2.1 compilation (SN) data [28] (taking into
account the full covariance matrix). Here, we also forecast constraints using a simulated
data set for the future JDEM, supernovae survey [36, 37] and also employ Statefinder
analysis of the results obtained.
2 Power Law Cosmology
For a flat FLRW metric, the line element is
ds2 = c2dt2 − a2(t)
[
dr2 + r2(dθ2 + sin2θdφ2)
]
, (2.1)
where a(t) is the scale factor and t is the cosmic proper time. In this paper, we discuss
general power law cosmology,
a(t) = a0
(
t
t0
)β
. (2.2)
Here, t0 and β represent the present age of Universe and dimensionless positive pa-
rameter respectively. Here and subsequently, the subscript 0 defines the present-day
value of the parameters considered.
H =
a˙
a
=
β
t
,
and
H0 =
β
t0
.
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The relation between the red shift and the scale factor is given by
a(t)
a0
=
1
1 + z
. (2.3)
The age of Universe at redshift z is given as
t(z) =
β
H(z)
, (2.4)
where,
H(z) = H0(1 + z)
1
β . (2.5)
The acceleration of Universe can be measured through a dimensionless cosmological
function called as the deceleration parameter q. In this scenario q is
q = −
a¨
aH2
=
1
β
− 1, (2.6)
where, q < 0 explains an accelerating Universe, whereas q ≥ 0 describes a Universe
which is either decelerating or expanding at the ’coasting’ rate. Equation (2.5) in terms
of q can be written as
H(z) = H0(1 + z)
(1+q). (2.7)
Equation (2.7) implies that the parameters H0 and q explain history of the Universe in
power law cosmology. In this paper, we study the well behaved power-law cosmological
model, focusing on the parameters q and H0, also we find the observational constraints
on both of the above parameters to the latest 28 data points of H(z) [27] and Union2.1
compilation data [28] of 580 points. We also use the simulated data for upcoming
Supernova (SN) surveys like JDEM to constrain the above said parameters [36, 37].
3 ΛCDM
As per the point of view of cosmology, the most simplest candidate of dark energy
is the cosmological constant whose energy density remains constant with time i.e.
ρΛ ≡
Λ
8piG
= −pΛ and its equation of state is, ωΛ = −1. A Universe having matter in
the form of dust and Λ is known as ΛCDM. In flat FLRW Universe, Hubble parameter
for ΛCDM model has the following form:
H(z) = H0 [Ω0m(1 + z)
3 + (1− Ω0m)]
1/2. (3.1)
Here, Ω0m and H0 are the present matter density and Hubble parameters respectively.
– 3 –
-0.15 -0.10 -0.05 0.00 0.05
55
60
65
70
75
q
H
0
0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32
65
70
75
80
W0m
H
0
(a) (b)
Figure 1. This figure corresponds to the latest H(z) data. The panels (a) and (b) show
the 1σ (dark shaded) and 2σ (light shaded) likelihood contours in the q −H0 and Ω0m −H0
planes, obtained for power-law and ΛCDM models respectively. The H0 is represented in
unit of Km/s/Mpc. Black dots designate the best fit values of the respective parameters.
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Figure 2. This figure corresponds to SN data. The panels (a) and (b) show the 1σ (dark
shaded) and 2σ (light shaded) likelihood contours in the q−H0 and Ω0m−H0 planes, obtained
for power-law and ΛCDM models respectively. Here, the unit of H0 is Km/s/Mpc. Black
dots represent the best fit values of the respective parameters.
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Figure 3. Panels (a) and (b) correspond to the latest H(z) data and SN data respectively,
with error bars. In both the panels, solid line shows the best fitted behaviour for power law
cosmological model. The H(z) is expressed in unit of Km/s/Mpc. For panel (b), we have
used diagonal covariance matrix.
4 Observational Constraints
• H(z) Data:
We find the observational constraints on both of the parameters H0 and q to the
latest 28 data points of H(z) [27] in the redshift range 0.07 ≤ z ≤ 2.3. The values
are presented in the Table 1. To complete the data set, we use H0, as estimated
in the reference [24].
we define χ2 as
χ2H =
29∑
j=1
(Hexp(zj)−Hobs(zj))
2
σ2j
. (4.1)
Where Hexp is the expected value of the Hubble parameter, Hobs is the ob-
servational value and, σj is the corresponding 1σ error. The power law cos-
mological model contains two independent parameters namely q and H0. As
β > 0 is required in power law cosmology, hence q > −1 and H0 ≥ 0, there-
fore we find the best fit values of q and H0 by restricting the parametric space
as q > −1 and H0 ≥ 0. As a result, we obtain the best fit values of the pa-
rameters as q = −0.0451, H0 = 65.2299 km/s/Mpc and χ
2
δ = 1.8131, and the
values of the parameters with 1σ error are obtained as q = −0.0451+0.0614
−0.0625 and
H0 = 65.2299
+2.4862
−2.4607 km/s/Mpc, where χ
2
δ = χ
2
min/(degree of freedom). We carry
out the same analysis for ΛCDM model and as a result, the best fit values of
the parameters are obtained as Ω0m = 0.2422, H0 = 71.2272 km/s/Mpc and
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Table 1. H(z) measurements (in unit [km s−1Mpc−1]) and their errors [27].
z H(z) σH Reference
(km/s/Mpc) (km/s/Mpc)
0.070 69 19.6 [29]
0.100 69 12 [30]
0.120 68.6 26.2 [29]
0.170 83 8 [30]
0.179 75 4 [31]
0.199 75 5 [31]
0.200 72.9 29.6 [29]
0.270 77 14 [30]
0.280 88.8 36.6 [29]
0.350 76.3 5.6 [32]
0.352 83 14 [31]
0.400 95 17 [30]
0.440 82.6 7.8 [33]
0.480 97 62 [34]
0.593 104 13 [31]
0.600 87.9 6.1 [33]
0.680 92 8 [31]
0.730 97.3 7.0 [33]
0.781 105 12 [31]
0.875 125 17 [31]
0.880 90 40 [34]
0.900 117 23 [30]
1.037 154 20 [31]
1.300 168 17 [30]
1.430 177 18 [30]
1.530 140 14 [30]
1.750 202 40 [30]
2.300 224 8 [35]
χ2δ = 0.7174, and the values of the parameters with 1σ error are obtained as
Ω0m = 0.2422
+0.0373
−0.0331 and H0 = 71.2272
+2.6112
−2.6291 km/s/Mpc. By comparing the val-
ues of χ2δ of both the models, we find that the power law cosmological model
does not fit well to the latest H(z) data. The 1σ (dark shaded) and 2σ (light
shaded) likelihood contours for both the models are shown in figure 1. Best fitted
behaviour for power law cosmological model with H(z) data and error bars has
been shown in panel (a) of figure 3. It is worthwhile to notice from Table 2 that
the best fit value of q = −0.18 [12] has been significantly shifted to q = −0.0451
with latest H(z) data. It was claimed in reference [12] that power law model fits
– 6 –
Table 2. Summary of the numerical results for flat power law cosmological model.
Data q H0(km/s/Mpc) β Refs.
H(z) (14 points) −0.18+0.12
−0.12 68.43
+2.84
−2.80 −
SN (Union2) −0.38+0.05
−0.05 69.18
+0.55
−0.54 − [12]
WMAP7 − 70.3+2.5
−2.5 0.99
+0.04
−0.04 [13]
WMAP7+BAO+H(z) − 70.4+1.4
−1.4 0.99
+0.02
−0.02
H(z) (29 points) −0.0451+0.0614
−0.0625 65.2299
+2.4862
−2.4607 −
SN (Union2.1 ) −0.3077+0.1045
−0.1036 68.7702
+1.4052
−1.3754 − This Letter
Table 3. Numerical results summary of simulated data.
Data < q > < H0 >(km/s/Mpc) < r > < s >
JDEM −0.0656−0.0003+0.0003 25.9083
−0.0030
+0.0030 −0.0570
−0.0002
+0.0002 0.6229
−0.0002
+0.0002
well with H(z) data but in our case, by comparing the values of χ2δ of power law
and ΛCDM models, we find that the power law cosmological model does not fit
well with the latest H(z) data.
• Union2.1 SN Data :
We now put constraints on the above said parameters by using Type Ia supernova
observation which is one of the direct probes for the cosmological expansion. SNe
Ia are always used as standard candles for estimating the apparent magnitude
m(z) at peak brightness after accounting for various corrections, and are believed
to provide strongest constraints on the cosmological parameters. In this inves-
tigation, we work with recently released Union2.1 compilation set of 580 SNe
Ia data points. For a standard candle of absolute magnitude M and luminosity
distance dL, the apparent magnitude m(z) is expressed as
m = M + 5 log10
(
dL
1 Mpc
)
+ 25, (4.2)
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where M is constant for all SNe Ia. Equation (4.2) can be written as
m = M + 5 log10DL(z)− 5 log10H0 + 52.38 . (4.3)
where
DL(z) =
H0
c
dL(z). (4.4)
The distance modulus µ(z) = m−M is given by
µ(z) = 5 log10DL(z)− 5 log10H0 + 52.38 . (4.5)
DL, the Hubble free luminosity distance can now be expressed as
DL(z) = (1 + z)
∫ z
0
H0
H(z∗)
dz∗ =
1
q
[
(1 + z)−
1
(1 + z)q−1
]
. (4.6)
χ2 can be defined as
χ2SN =
∑
ij
(
µ(exp)i − µ(obs)i
)
C−1ij
(
µ(exp)j − µ(obs)j
)
, (4.7)
where Cij is the full covariance matrix [28]. Best fit values of the power law
model parameters in the parametric space (q > −1 and H0 ≥ 0) with 1σ error are
obtained as q = −0.3077+0.1045
−0.1036 and H0 = 68.7702
+1.4052
−1.3754 km/s/Mpc together with
χ2δ = 0.9464. Similar results obtained for ΛCDM model parameters are Ω0m =
0.2955+0.0655
−0.0587 and H0 = 69.5493
+1.4039
−1.3885 km/s/Mpc together with χ
2
δ = 0.9431.
Here, we observe that values of χ2δ of both the models are approximately equal.
Therefore, we can say that power law cosmological model fits well with Union2.1
compilation data. The 1σ (dark shaded) and 2σ (light shaded) likelihood contours
for both the models are shown in figure 2. Best fitted behaviour for power law
cosmological model with SN data and error bars has been shown in panel (b) of
figure 3. We also observe from Table 2 that the revised analysis of SN data gives
much larger error bars on both q and H0 than that of reference [12]. This might
have occurred due to taking into account the full covariance matrix of the latest
SN data in the present analysis that was ignored in reference [12].
From the best fit values presented for power law model with H(z) data and SN
data, we observe that there is a large discrepancy between the values of q, this
might occur because in the present updated observational analysis we see that
power law model fits well with SN data but not with H(z) data.
• JDEM: Simulated SN data
We use simulated dataset [36] for the future JDEM, supernova surveys having
approximately 2300 supernovae in the redshift range 0 − 1.7. The errors do not
depend on redshift and equal for all SNe. We take σ = 0.13 [37]. Using latest
specifications, we generated 500 data sets as explained in [38], considering ΛCDM
model as our fiducial model with Ω0m = 0.3. For each of these experiments i.e.
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Figure 4. The panel (a) shows the time evolution of the statefinder pair {r, s} for power- law
cosmological model. The model converge to the fixed point (r = 1, s = 0) which corresponds
to LCDM. The panel (b) shows the time evolution of the statefinder pair {r, q} for said
model. The point (r = 1, q = 0.5) corresponds to a matter dominated Universe (SCDM) and
converges to the point (r = 1, q = −1) which corresponds to the de Sitter expansion (dS).
The black dots shown on the curves by arrows are the best fit values of r, s and q obtained
by latest H(z) and SN data.
500 experiments, the best-fitting parameters H0 and q were calculated. We then
calculated r and s for each experiment from the calculated values of the model
parameters and finally we computed the mean values ofH0, q, r, and s as< H0 >,
< q >, < r >, and < s >. The numerical results obtained have been presented
in Table 3.
4.1 Constraints on Statefinders
Following the analysis presented in reference [13], we obtain constraints on the statefind-
ers with latest H(z) data as r = −0.0410+0.0504
−0.0512, s = 0.6366
+0.0409
−0.0417 and, with SN data
as r = −0.1183+0.0239
−0.0241 and s = 0.4615
+0.0697
−0.0691. The above results have been summarized
in Table 4.
We observe that power law model does not fit well with latest H(z) data and
therefore significant changes in the best fit values are noticed from Table 2 and the
corresponding variations in the constraints on statefinders can be observed from Table
4 but it fits well with updated SN data as well as previous data [12] therefore marginal
differences are observed in the constraints from Table 2 and similar kind of variations
can be noticed in statefinders from Table 4.
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Table 4. Constraints on statefinders from latest H(z) and SN data.
Data r s Refs.
H(z) (14 points) −0.09+0.04
−0.03 0.58
+0.04
−0.12
SN (Union2) −0.09+0.03
−0.02 0.41
+0.03
−0.03 [12]
H(z) (29 points) −0.0410+0.0504
−0.0512 0.6366
+0.0409
−0.0417
SN (Union2.1 ) −0.1183+0.0239
−0.0241 0.4615
+0.0697
−0.0691 This Letter
5 Conclusion
Precision cosmological observations offer the possibility of uncovering essential proper-
ties of the Universe. Here, we have investigated power-law cosmology a(t) ∝ tβ , which
has some prominent features, making it unique when compared to other models of the
Universe. For example, for β ≥ 1, it addresses to the horizon, flatness and age prob-
lems [17, 18, 20] and all these features provide viability to the power-law cosmology
to dynamically solve the cosmological constant problem. In the work presented here,
we used the most recent observational data sets from H(z) and SNe Ia observations
and obtained the constraints on the two crucial cosmological parameters H0 and q and
compared our results with reference [12]. We also have forecasted these constraints
with simulated data for large future surveys like JDEM. Statistically, this model may
be preferred over other models as we have to fit only two parameters. Numerical results
obtained have been concluded in the Tables 2, 3 and 4.
In this work, we observed that though q is negative in the constraints from both
H(z) and SNe Ia observations respectively but with bad χ2δ in case of H(z) data, thus we
can say that latter explains the present cosmic acceleration more efficiently than that
of former in the context of power law cosmology. With the latest H(z) data, we found
that obtained best fit value of H0 for power law is outside more than 2σ confidence
level from the value of ΛCDM and also, we noticed the large discrepancy between the
values of their χ2δ . In contrast, with SN data, we found that the value of H0 for power
law agrees with ΛCDM within 1σ confidence level and also, its χ2δ is approximately
equal to the value of χ2δ for ΛCDM. Therefore, we conclude that power law model fits
well with SN data but not with H(z) data. Contour plots for both the models with
H(z) data and SN data have been shown in figures 1 and 2 respectively. Best fitted
behaviour for power law model with data error bars have been shown in figure 3. On
comparing our results with reference [12], we observe that in the new analysis, best fit
value of q with H(z) data is drastically different from the constraint with SN data but
it was not so significant in reference [12]. This discrepancy has been observed because
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in the current analysis, power law model does not fit well with latest H(z) data due
to significant difference between the value of its χ2δ and ΛCDM. Also we observe that
new SN analysis gives larger error bars on both q and H0 than that of reference [12]
because of taking into account the full covariance matrix. Corresponding variations
in the values of statefinders have also been observed which have been summarized in
Table 4.
More explicitly, we see the differences in our study and of reference [12] as: in
latter one it had been shown that the power law model fits well with both H(z) and SNe
Ia observations but in our case we observed that it fits well only with SN data having
larger error bars on both of the parameters and on the contrary it fails to fit with latest
H(z) data shifting best fit value of q significantly with bad χ2δ. Thus, we can say that
our study explains merits and demerits of power law model in explaining the evolution
of Universe in a more clear and sophisticated manner than that of reference [12]. The
statefinder diagnostic carried out shows that power law cosmological model will finally
approach the ΛCDMmodel as shown in figure 4. From the results mentioned in Table 3,
one can also conclude that future surveys like JDEM demands an accelerated expansion
of the Universe but with smaller values of Hubble constant within the framework of
power law cosmology. From the above discussed results, it can be concluded that
though power law cosmology has several prominent features but still it fails to explain
redshift based transition of the Universe from deceleration to acceleration, because
here we do not have redshift or time dependent deceleration parameter q. Thus, in
nutshell it can clearly be said that despite having numerous remarkable features, the
power law cosmology does not fit well in dealing with all cosmological challenges.
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